UMted States Pattemt m 

Sohmuta 



[54] WRITING AND ERASING INFORMATION 
BY VARYING THE TEMPERATURE OF AN 
OPTICAL RECORDING MEDIUM 

[75] Inventor Mitoshi Sohmuta, Tokyo, Japan 

[73] Assignee: NEC Corporation, Japan 

[21] Appl. No.: 183,147 

[22] Filed: Jan, 19, 1994 

[30] Foreign Application Priority Data 

Jan. 18, 1993 [JP] Japan 5-005464 

[51] Int CL 6 G11B 7/00 

[52] U.S. CI 369A00; 369/13; 369/116; 

369/59 

[58] Field of Search 369/116, 13, 54, 

369/100, 58, 59, 288 

[56] References Cited 

U.S. PATENT DOCUMENTS 

4,718,053 1/1988 Satoetal 369/100 

4,839,861 6/1989 Dcegawaetal 369/100 

5,276,670 1/1994 Nogami et al 369/116 

5,289,453 2/1994 Ohno et al 369/116 

5,321,672 6/1994 Miyamoto et al 369/13 

5,353,270 10/1994 Iimura 369/116 

5,381,396 1/1995 Tanakaetal 369/116 

FOREIGN PATENT DOCUMENTS 

63-214922 9/1988 Japan . 
2239429 9/1990 Japan . 

OTHER PUBLICATIONS 

Patent Disclosure Gazettes of No. 1989-43816 and No. 
1989-59633. 

Primary Examiner— Georgia Y. Epps 




US005469422A 
[li] Patent Number: 5,469,422 
[45] Date of Patent: Nov. 21, 1995 



Assistant Examiner— Kim-Kwok Chu 

Attorney, Agent, or Firm—LaE, Whitesel, Conte & Saret, 

Ltd. 

[57] ABSTRACT 

Irradiation of the optical disk medium is pulsized to achieve 
reading, erasing and recording with binarized read power 
and write power; setting of erase power is dispensed with to 
shorten the process required to adjust the optical head; and 
the shapes of pits formed on the optical disk medium are 
optimized by varying the switching time between the write 
power and the read power to improve the CNR of read 
signals and the jitter characteristic. 

Division is accomplished by a logical circuit into an area A 
in which a variation from the erase temperature to the write 
temperature is to take place, area B in which the write 
temperature is to be kept constant, area C in which a 
variation from the write temperature to the erase temperature 
is to take place, and area D in which the erase temperature 
is to be kept constant to generate, from data to be recorded 
and a clock pulse having a frequency equal to an integral 
multiple of the bit clock thereof, a recording signal repre- 
senting the timing of laser irradiation. 

This recording signal is supplied to a pulse current drive 
circuit to be converted into a pulse current for varying the 
laster irradiation power alternately between read power and 
write power, and the pulse current, to which a biasing direct 
current corresponding to the read power is added, is supplied 
to a laser diode. 
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WRITING AND ERASING INFORMATION 
BY VARYING THE TEMPERATURE OF AN 
OPTICAL RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and an appa- 
ratus for recording on optical disk media which are used for 
recording data processed by a computer or the like, record- 
ing audio or audio-visual signals, or recording and repro- 
ducing other information. 

Along with the advancement of computers and of means 
for fast and massive transmission of information in recent 
invention, requirements have arisen for the development of 
nonvolatile memory apparatuses which are inexpensive but 
have high density and large capacity and excelling in capa- 
bility to transfer information at high speed. 

Apparatus having magnetic disk media as such nonvola- 
tile memory units are generally used, but they in fact have 
the disadvantages of being inadequate in recording capacity 
and expensive per unit of information and, particularly, not 
permitting the interchange of recording media in a fixed type 
magnetic disk apparatus. 

In this connection, technology for optically recording 
information on media is attracting keen interest as a solution 
to these problems and, especially, users in many different 
areas are pinning much hope on rewritable optical disk 
media and memory apparatuses using such media. 

Usually, such an optical recording apparatus according to 
the prior art consists of a pulse current drive circuit, a bias 
current drive circuit for erasing use, a bias current drive 
circuit for reading use, an adder, and an optical head having 
a laser diode. 

The pulse current drive circuit is so configured as to 
receive from outside original signals representing data to be 
recorded on an optical disk medium and to supply the adder 
with an output current according to the values of these 
original signals. 

The bias current drive circuits for erasing use and that for 40 
reading use are so configured as to supply the adder with 
output currents when having respectively received switching 
signals. 

In this prior art optical recording apparatus, a switching 
signal is supplied to the reading bias current drive circuit at 
the time of reading; the laser diode of the optical head is 
driven only by this output current of the reading bias current 
drive circuit; at the time of writing or erasing, a switching 
signal is supplied to the erasing bias current drive circuit; an 
output current corresponding to an original signal from the 
pulse current drive circuit and an output current from the 
erasing bias current drive circuit are supplied to the adder, 
and the laser diode of the optical is driven according to this 
added current value. 

The pulse current drive circuit supplies a current by pulse 
drive as the potential of the original signal takes on a high 
level state or a low level state. 

Moreover, the method of recording by this prior ark 
optical recording apparatus uses the laser irradiation power 
deriving from the Laser drive current at three separate steps 
including read power, erase power and write power, differ- 
entiated by the original signals and the switching signal. 

By irradiating the recording layer of the optical disk 
medium with the laser beam, the medium temperature of the 
recording part is varied to the write temperature or the erase 
temperature to form pits corresponding to the pulse lengths 
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of the original signals on the optical disk medium. 

The optical recording apparatus and method according to 
the prior art, however, involves the following problem (see 
FIG. 5). 

Thus, since the duration of irradiation with the laser beam 
is determined by the pulse length of the original signal, the 
medium temperature of a recording part corresponding to an 
original signal of a smaller pulse length does not become 
sufficiently high relative to that of a recording part corre- 
sponding to an original signal of a greater pulse length, 
resulting in an ultimate temperature difference on the record- 
ing layer of the optical disk medium between original 
signals of smaller pulse lengths and original signals of 
greater pulse lengths. 

As a result, the time (At2) taken to vary the medium 
temperature at an original signal of a greater pulse length 
from the write temperature to the erase temperature becomes 
longer than the time (Atl) taken to vary the medium tem- 
perature at an original signal of a smaller pulse length from 
the write temperature to the erase temperature, entailing a 
time lag. 

Thus, the shapes of pits formed on the recording layer of 
the optical disk medium become uneven, leading to the 
problem of inviting deteriorations in carrier-to-noise ratio 
(CNR) and in jitter characteristic at the time of reading. 

Furthermore, the use of the laser irradiation power deriv- 
ing from the laser drive current at three separate steps 
including read power, erasing power and write power, dif- 
ferentiated by switching signals, leads to the problems that 
the procedure of adjustment an the time of setting the 
irradiation power of the laser beach from the optical head is 
made complex, and that the process required to adjust that 
irradiation power is increased. 

Hereupon, it may be relevant to other examples of optical 
recording method according to the prior art and their prob- 
lems. 

According to examples disclosed in the Patent Disclosure 
Gazettes of No. 1989-43816 and No. 1989-59633, when 
information is to be recorded on an optical disk medium, the 
temperature of the recording part is controlled by varying 
the laser irradiation power. 

However, since the laser irradiation power at the time of 
writing is varied when .information is to be recorded accord- 
ing to the methods of both these reference, there is the 
problem that multi-value laser irradiation power is required, 
entailing difficulty in temperature control besides the com- 
plex configuration of the current drive circuit for the laser 
diode. 

On the other hand, according to examples disclosed in the 
Patent Disclosure Gazettes of No. 1988-214922 and No. 
1990-239429, when information is to be recorded on an 
optical disk medium, the larger irradiation power is pulsized 
for the recording purpose. 

However, by the method of the former reference, as 
temperature control is imprecise, there occurs the phenom- 
enon that the temperature of the recording part varies with 
the width of the recording signal and the region of recording 
pit extension accordingly varies, making it impossible to 
accurately generate recording pits on the optical disk 
medium and to correctly recognize information on the pit 
edge. 

On the other hand, according to the latter, although a long 
pulse is used for laser irradiation to achieve temperature 
control at the beginning of recording, there is the problem 
that the recording pit becomes greater than the signal to be 
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actually recorded because the laser beam diameter and the 
extension of heat along with the temperature rise are not 
sufficiendy taken into account There is another problem 
that, unless the laser irradiation power- is reduced, the 
magnitude of the signal to be recorded becomes unidentical 5 
with that of the recorded pit in which the signal is actually 
recorded, resulting in a deteriorated CNR. Furthermore, 
because of the lack of synchronism between the output of a 
signal generator for generating short pulses and the record- 
ing signal, the jitter characteristic is also deteriorated. 10 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the above- 
described problems, realize overwrite recording, i.e. simul- 15 
taneous writing and erasing by irradiation with a laser beam, 
and provide a method and an apparatus for recording on 
optical disk media which require no multi-value laser irra- 
diation power and facilitate simplification of the laser diode 
drive circuit and temperature control of the recording part by 20 
varying the pulse time of laser irradiation instead of varying 
the laser irradiation power itself between the time of writing 
and that of erasing. 

According to the method of this invention for recording 
on optical disk media,, by which writing and erasing are 25 
accomplished correspondingly to the data to be recorded by 
varying the temperature of the recording part on the record- 
ing layer of an optical disk medium to predetermined write 
and erase temperatures by lager irradiation, the process of 
varying the temperature of said recording part of the optical 30 
disk medium to said write temperature and said erase 
temperature correspondingly to the data to be recorded on or 
to be erased from Laid optical disk medium is divided into 
an area in which a variation from said erase temperature to 
said write temperature is to take place, an area in which said .35 
write temperature is to be kept constant, an area in which a 
variation from said write temperature to said erase tempera- 
ture is to take place, and an area in which said erase 
temperature is to be kept constant, and data are recorded and 
erased by irradiating each area at a prescribed timing in a 40 
pulse means with a laser beam consisting of write power for 
writing data on said optical disk medium and read power for 
reading data from said Optical disk medium. 

The apparatus according to the invention for recording on 
optical disk media, by which writing and erasing are accom- 45 
plished correspondingly to the data to be recorded by 
varying the temperature of the recording part on the record- 
ing layer of an optical disk medium to predetermined write 
and erase temperatures by laser irradiation is provided with 
a logical circuit for converting the data to be recorded and 50 
a clock pulse having a frequency equal to an integral 
multiple of the bit clock of the data into a prescribed 
recording signal; a current drive circuit for generating and 
supplying a pulse current corresponding to said recording 
signal .supplied from said logical circuit; a bias current drive 55 
circuit for generating and supplying a biasing direct current 
corresponding to the laser irradiation power at the time of 
reading; and means for driving a laser diode to perform laser 
irradiation derived from said pulse current and said direct 
current, and irradiating said recording part of the optical disk 60 
medium with a laser beam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present invention will 65 
become apparent from the following detailed description 
when taken in conjunction with the accompanying drawings, 
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in which: 

FIG. 1 is an illustrative diagram of a preferred embodi- 
ment of the method of recording on optical disk media 
according to the invention; 

FIG. 2 is a block diagram of an apparatus for recording on 
optical disk media, which is a preferred embodiment of the 
invention; 

FIG. 3 is a configurative diagram illustrating an example 
of the logical circuit 5 in the embodiment of FIG. 2; 

FIG. 4 is a timing chart illustrating the operation of the 
logical circuit 5 of FIG. 3; and 

FIG. 5 is an illustrative diagram of the operation of and 
problems in an optical recording apparatus according to the 
prior art 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Next will be described in detail preferred embodiments of 
the present invention with reference to drawings. 

First will be described an embodiment of the method of 
recording on optical disk media according to the invention 
with reference to FIG. 1. 

As illustrated in FIG. 1, a recording signal 3 correspond- 
ing to laser irradiation power, generated from an original 
signal 1 representing data to be recorded and an externally 
supplied clock pulse signal 2, is divided into area A in which 
a steep rise from the erase temperature to the write tem- 
perature is to be achieved, area B in which the write 
temperature is to be kept constant, area C in which a steep 
fall from the write temperature to the erase temperature is to 
be achieved, and area D in which the erase temperature is to 
be kept constant. 

The medium temperature in the recording part can be 
readily, controlled by irradiating the recording layer of the 
optical disk medium with a laser beam correspondingly to 
this recording signal 3, and it is thereby made possible to 
bring the pit formed on the recording layer of the optical disk 
medium close to its ideal shape. 

Here in the area in which the original signal 1 varies from 
a low level state to a high level state, i.e. area A, the 
irradiation power of the laser beam is kept at the write power 
when the recording layer of the medium is irradiated with it 
to raise the medium temperature steeply from the erase to the 
write temperature. 

Similarly in the area in which the original signal 1 varies 
from the high level state to the low level state, i.e. area C, 
the irradiation power of the laser beam is kept at the read 
power when the recording layer of the medium is irradiated 
with it to bring down the medium temperature steeply from 
the write to the erase temperature. 

In the area in which the original signal 1 maintains the 
high level state, i.e. in area B, the irradiation power of the 
laser beam is switched to the write power and the read power 
when the recording layer of the medium is irradiated with it 
in a pulse means to keep the medium temperature constant 
at the write temperature. 

Further in the area in which the original signal 1 maintains 
the low level state, i.e. in area D, the irradiation power of the 
lapser beam is switched to the write power and the read 
power when the recording layer of the medium is irradiated 
with it in a pulse means to keep the medium temperature 
constant a% the erase temperature. 

Thus by dividing the process of laser irradiation into an 
area in which the medium temperature is to be varied from 
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the erase temperature to the write temperature, an area in 
which the write temperature is to be kept constant, an area 
in which the medium temperature is to be varied from the 
write temperature to the erase temperature, and an area in 
which the erase temperature is to be kept constant, and by 5 
irradiating the recording layer of the optical disk medium 
with a laser beam while finely switching it between the write 
power and the read power correspondingly to each area, the 
erase power, which is an intermediate value between the 
write power and the read power, is made dispensable, with 10 
the result that the adjustment procedure for the optical head 
can be simplified and the process required to adjust the 
optical head can be shortened. 

Moreover, as it is possible to quickly vary the medium 
temperature, the shapes of pits formed on the recording layer 15 
of the medium are uniformized, and the areas in which the 
boundaries between pits are blurred are decreased, resulting 
in a higher CNR. 

Furthermore, since the write temperature or the read 
temperature is maintained until the varying point of the 20 
medium temperature without being affected by the pulse 
width of the original signal, the medium temperature can be 
raised from the erase to the write temperature or reduced 
from the write to the erase temperature always in an equal 
length of time. As a result, pits corresponding to the pulses 25 
of the original signals can be accurately formed on the 
recording layer of the medium, and the jitter characteristic at 
the time of reading can be improved correspondingly. 

Next will be described an apparatus for recording on 3Q 
optical disk media, which is a preferred embodiment of the 
present invention, with reference to FIG. 2. 

The apparatus for recording on optical disk media accord- 
ing to the invention is provided with a phase locked loop 
(PLL) circuit 4, a logical circuit 5, a pulse current drive 35 
circuit 6, an adder 7, an optical head 9 having a laser diode 
8, and a bias current drive circuit 10, and so configured that 
an original signal i and a clock pulse signal 2 be supplied to 
the logical circuit 5. 

Here, in order to have the logical circuit 5 generate from 40 
the original signal 1 a recording signal 3 representing the 
timing of irradiation with a laser beam, the clock pulse 
signal 2 having a frequency equal to an integral multiple of 
a bit clock synchronized with the original signal 1 is needed 
In the absence of this clock pulse signal 2, a signal equiva- 45 
lent to the clock pulse signal 2 is generated from the original 
signal 1 by the PLL circuit 4 and supplied to the logical 
circuit 5. 

The bias current drive circuit 10 generates, and supplies 
the adder 7 with, a direct current corresponding to the laser 50 
irradiation power at the time of reading (read power). 

The pulse current drive circuit 6 intermittently generates 
a current corresponding to the difference between the write 
power and the read power at a timing corresponding to the 
waveform of the recording signal 3 supplied from the logical 55 
circuit 5, and supplies it to the adder 7 as a pulse current 

The direct current from the bias current drive circuit 10 
and the pulse current from the pulse current drive circuit 6 
are added by the adder 7, and supplied to the laser diode 8 
of the optical head 9. 

Next will be described specific operations of the recording 
apparatus according to the present invention with reference 
to FIGS. 3 and 4. 

As illustrated in FIGS. 3 and 4, the original signal 1 is 65 
supplied to a shift register 11, and successively delayed 
correspondingly to the timing of the clock pulse signal. 
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Here, three appropriate signals are selected out of the 
delay signals supplied from the shift register 11, and defined 
to be a first delay signal 11a, a second delay signal lib and 
a third delay signal He in the ascending order of the delay 
quantity. 

An AND gate 13, upon receiving the inverted signals of 
the second delay signal lib and the third delay signal 11c 
supplied from the shift register 11, generates a pulse signal 
corresponding to area A, in which the medium temperature 
is to be steeply raised from the erase to the write tempera- 
ture. 

An AND gate 14, upon receiving the first delay signal 11a, 
the second delay signal Ub and the clock pulse signal 2, 
supplied from the shift register 11, generates a pulse signal 
corresponding to area B in which the write temperature is to 
be kept constant. 

A delay device 12 here performs the role of providing an 
output which has an equal period to the clock pulse signal 2 
and is shorter in the duration of high level state by delaying 
the clock pulse signal by At. 

An AND gate 15, upon receiving the inverted signal of the 
output from the delay device 12, the clock pulse signal 2 and 
the inverted signal of the second delay signal lib, supplied 
from the shift register 11, generates a pulse signal corre- 
sponding to area D in which the erase temperature is to be 
kept constant. The pulse width of this pulse signal here 
corresponds to the time At during which the clock pulse 
signal 2 is in the high level state on the basis of the period 
of the clock pulse signal 2. 

An OR gate 16, upon receiving the outputs of the AND 
gates 13, 14 and 15, generates the recording signal 3 
representing the timing of irradiation with the laser beam. 

This recording signal 3 is supplied to the pulse current 
drive circuit 6 shown in FIG. 2, and converted into a pulse 
current corresponding to a voltage. 

The adder adds the pulse current supplied from the pulse 
current drive circuit 6 and the direct current, corresponding 
to the laser irradiation power at the time of reading, supplied 
from the bias current drive circuit 10, and supplies its output 
to the laser diode 8 of the optical head 9. 

The luminous energy of the laser beam emitted from the 
optical head correspondingly to the current resulting from 
the addition by the adder 7 is varied by alternately switching 
in a pulse manner, as the recording signal 3 shown in FIG. 
1 is, between the same irradiation power as at the time of 
reading (the laser irradiation power is set at a low level at the 
time of reading because a pit would be recorded or erased if 
the medium temperature rose beyond a certain level) and the 
laser irradiation power for raising the medium temperature. 

Thus, the laser irradiation at the high level functions to 
raise the medium temperature, while that at the low level 
serves to reduce the medium temperature (to a level below 
the write or erase temperature but above the room tempera- 
ture) and, by laser irradiation corresponding to the recording 
signal 3 shown in FIG. 1, the medium temperature in the 
recording part is binarized by the heat conduction of the 
medium. 

When overwrite recording is accomplished here, a binary 
value (the datum corresponding to either 0 or 1) has to be 
recorded because the writing takes place without going 
through the process of erasion, and data "1" and "0" are 
defined as representing write and erase, respectively, for the 
sake of convenience though no concept of erasion is 
involved. 

In this case, when the medium temperature of the record- 
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ing has been raised by laser irradiation and then lowered 
(when the medium has returned to the room temperature, the 
writing (corresponding to datum "1") and erasion corre- 
sponding to datum **0") take place. 

The difference between write and erase in this case 5 
derives from the difference in the raised medium tempera- 
ture resulting from the laser irradiation. 

sometimes, the higher temperature (write temperature) 
extends by heat conduction to form a pit slightly greater than 
the temperature variation over time, and this recorded pit 
becomes equal to the pulse of the original signal 1. 

Therefore, by dividing the process of laser irradiation into 
an area in which the medium temperature is to be varied 
from the erase temperature to the write temperature, an area 15 
in which the write temperature is to be kept constant, an area 
in which the medium temperature is to be varied from the 
write temperature to the erase temperature, and an area in 
which the-erase temperature is to be kept constant according 
to the recording signal generated by the logical circuit from 2(J 
the original signal and the bit clock synchronized with the 
original signal and having a frequency equal to the integral 
multiple, and by performing laser irradiation correspond- 
ingly to each area, the optimal shapes of pits can be formed 
on the recording face of the optical disk medium resulting in 25 
improvements in CNR and in jitter characteristic at the time 
of reading. 

While the present invention has been described with 
reference to the specific preferred embodiments thereof, it 
will now be readily possible for those skilled in the art to put 30 
this invention into practice in various other manners. 

What is claimed is: 

1. An information recording method for recording data 
having two logic levels on a medium selected from a group 
consisting of a magneto-optical type recording medium and 35 
a phase transition type optical recording medium, said 
method comprising the steps of: 

dividing an interval of one of said two levels into a first 
period, a second period, and a third period, said first 
period being a starting portion of one of said two levels, 40 
said second period following said first period and said 
third period following said second period; 

generating a first DC signal as a recording signal to said 
medium at said first period; 

generating a first pulse train of a predetermined frequency 45 
as said recording signal at said second period, said 
predetermined frequency being not less than a fre- 
quency of said two level data, said first pulse train 
being synchronized with said two level data, and a peak 
level of said first pulse train coinciding with a level of 50 
said first DC signal; 

generating a second DC signal as said recording signal at 
said third period, a level of said second DC signal 
coinciding with a bottom level of said first pulse train; 

generating a second pulse train as said recording signal 
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when said data is the other of said two levels, a 
frequency of said second pulse train being said prede- 
termined frequency, a pulse width of said second pulse 
train being narrower than a width of said first pulse 
train, a peak level of said second pulse train coinciding 
.with said peak level of said first pulse train, and a 
bottom level of said second pulse train coinciding with 
said bottom level of said first pulse train; and 
driving a laser diode to perform a laser irradiation of said 
medium-in response to said recording signal. 

2. A method as claimed in claim 1, wherein said prede- 
termined frequency is an integral multiple of a clock signal 
frequency of said data. 

3. An irifonnation-recording apparatus for recording data 
having two logic levels on a medium selected from a group 
consisting of a magneto-optical type recording medium and 
a phase-transition type optical recording medium, said appa- 
ratus comprising: 

dividing means for dividing an interval of one of said two 
levels into a first period, a second period, and a third 
period, said first period being a starting portion of one 
of said two levels, said second period following said 
first period and said third period following said second 
period; 

first generating means for generating a first DC signal as 
a recording signal to said medium at said first period; 

second generating means for generating a first pulse train 
of a predetermined frequency as said recording signal 
at said second period, said predetermined frequency 
being not less than a frequency of said data, said first 
pulse train being synchronized with said data, and a 
peak level of said first pulse train coinciding with a 
level of said first DC signal; 

third generating means for generating a second DC signal 
as said recording signal at said third period, a level of 
said second DC signal coinciding with a bottom level 
of said first pulse train; 

fourth generating means for generating a second pulse 
train as said recording signal when said data is the other 
of said two levels, a frequency of said second pulse 
train being said predetermined frequency, a pulse width 
of said second pulse train being narrower than a width 
of said first pulse train, a peak level of said second pulse 
train coinciding with said peak level of said first pulse 
train, and a bottom level of said second pulse train 
coinciding with said bottom level of said first pulse 
train; and 

means for driving a laser diode for irradiating said 
medium in response to said recording signal. 

4. An apparatus as claimed in claim 3, wherein said 
predetermined frequency is an integral multiple of a clock 
signal frequency of said data. 

* * * * * 
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[57] ABSTRACT 

Optimum edge recording methods are previously held in a 
control data zone on the recording medium, and one of the 
methods is selected in a write mode by referring to the 
recorded methods. An information recording apparatus for 
forming a recording mark by converting an energy beam to 
a multi-pulsed train and irradiating the beam onto the 
recording medium includes that change-over can be realized 
between mark edge control based on control of both pulse 
edge positions and mark edge control based on control of 
one of the pulse edge positions. 
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RECORDING A MARK WITH THE RISING a recording film melted for formation of a recording mark. 

AND FALLING EDGES VARIED BASED ON However, methods proposed so far failed to satisfy the above 

PREVIOUSLY RECORDED CONTROL DATA condition sufficiently in their various recording waveforms 

and were limited in their achievable recording densities. 

BACKGROUND OF THE INVENTION 5 Further, recording characteristics of information recording 

The present invention relates to information recording medium usuall y varv with medium manufacturers, manu- 

methods and apparatuses which use a medium for recording facturing times and lots. Hius as it is desired to obtain higher 

information by irradiating an energy beam and more densuv recording, it becomes more difficult to secure a 

particularly, to an information recording method and recording compatibility therebetween, 

medium which can exhibit excellent effects on a phase 10 In particular, in the case of a DVD-RAM having a 

transition optical disk as well as to an information recording recording capacity of 4.7 GB higher in density than a 

apparatus based on the information recording method. DVD-RAM having a recording capacity of 2.6 GB, when 

In a related art method for performing recording and recording is carried out with the same spot diameter as in the 
erasing operations over a rewritable recording film, for 2 6 GB DVD-RAM, compatibility with the 2.6 GB DVD- 
example, when an optical disk is used which has an 15 can be achieved more easily. However, as a linear 
exchange coupling two-layer film as a recording film as density is increased with the same spot used, a spacing 
disclosed in U.S. Pat. No. 5,475,657, or when a phase between positions at which two adjacent recording pulses 
transition type optical disk recording film is used which can are irradiated on the recording medium becomes smaller 
erase information at high speed by realizing crystallization tnaD tne s P° l diameter of a laser beam on the medium, 
in substantially the same time as a laser irradiation time for 20 Therefore, since light distribution is overlapped when corn- 
recording as disclosed in JP-A-62- 259229 (laid-open on P ar ed with the 2.6 GB case, it becomes necessary to prevent 
Nov. 11, 1987); the recording and erasing are carried out by distortion of a recording mark shape caused by the overlap- 
changing energy of one energy beam to one of at least two P m S- Moreover, when a space between recording marks is 
levels higher than a reading power level, that is, by changing small » impossible separation between the marks with a 
the energy of the energy beam to one of at least a high power 25 reading beam spot causes a shift of a recording mark edge 
level and an intermediate power level. This method is position of a reproduction signal waveform. It is also 
advantageous in that so-called overwriting (rewriting based required to prevent such a shift. The edge position shifting 
on overwriting) of recording new information while erasing wa y depends largely on the design of the recording medium, 
existing information can be realized. Further, as disclosed in and the recording waveform suitable for a specific recording 
JP-A-62-259229 and JP-A-3-185629 (laid-open on Aug. 13, 30 medium is not always suitable for another recording 
1991), such a phenomenon that a recording mark becomes medium. In current circumstances, because of the increased 
a tear drop shape can be suppressed (a backward width of the li °ear density, the recording mark edge shift is increased by 
recording mark becomes larger than a forward width a mismatch between the recording medium and recording 
thereof) by changing the energy of an energy beam into one waveform to such a level as not to be negligible, 
of three power levels, that is, high and intermediate levels 35 It is therefore an object of the present invention to provide 
and a level lower than the intermediate level. a method and apparatus which can accurately record infor- 

In recent years, there has been put in practical use a mation with use of the same spot and can increase its density 
DVD-RAM (digital video disk-random access memory) w mle attaining a compatibility. A related object of the 
which uses a 120 mm-diametered disk made of phase 4Q present invention is to provide an information recording 
transition material and having a memory capacity of 2.6 GB method, medium and apparatus which can stably record 
on its one side. A recording control method employed in this information on various sorts of recording media having 
example is as shown in FIG. 1 and is explained as DVD different characteristics and also can easily secure a record- 
Specification for Rewritable Disc (DVD-RAM), Part 1, mg compatibility therebetween. 

Physical Specifications, version 1.0 (July, 1997), Page PHX- 45 In order to attain the above objects, an information 

9, FIG. F-l. recording method, medium and apparatus which follow are 

JP-A-63-48617 (laid-open on Mar. 1, 1988) also discloses used, 

a method for changing an energy beam depending on a mark 1) An information recording method wherein a single 

length (corresponding to a region length in a second state in recording mark is formed on a recording medium with use 

claims at the time of its application) or on a space length 50 of a train of a plurality of energy beam pulses, and any of a 

(corresponding to a region length in a first state in claims at first case where a falling edge timing of a head pulse in the 

the time of its application). energy beam pulse train is substantially stationary while a 

Also disclosed in JP-A-8-287465 (laid-open on Nov. 1, rising edge timing thereof is varied and a second case where 

1996) is a method for converting an energy beam to a the rising and falling edge timings of the head pulse are 

multi-pulsed train depending on a mark length or a space 55 varied, is used to record information on the basis of control 

length. data previously recorded on the recording medium. 

n , « . . ™ ™™ «™ 2) An information recording apparatus which comprises 

SUMMARY OF THE INVENTION an c ; nergy beam genera , or; , *J£ ^ jluM mech l aism 

Studies concerning achievement of a higher density of for adjusting a power level of an energy beam generated by 

rewritable digital video disk (DVD-RAM) using a phase 60 the energy beam generator; a holder mechanism for holding 

transition recording film have recently been advanced. With a recording medium; a movement mechanism for relatively 

such an optical disk device as to perform mark edge record- moving the energy beam and the recording medium; a signal 

ing over a phase transition recording film as in DVD-RAM, processing circuit for changing information to be recorded to 

it is required for the purpose of avoiding mark shape the power level of the energy beam; first timing adjustment 

distortion or missing of erasing recorded marks that an 65 means for causing the power adjustment mechanism to 

achieved temperature and a cooling rate in a record mode are control the energy beam generator to generate a train of a 

substantially the same even in any outer edge of a region of plurality of energy beam pulses from the generator, for 
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substantially fixing a falling edge timing of a head pulse in FIGS. 5A and 5B show experimental results in the case 1 

the energy beam pulse train, and at the same time for in the recording strategy to which the present invention is 

changing a rising edge timing thereof on the basis of control applied; and 

data previously recorded on the recording medium at time of FIG. 6 shows specific examples of an information record- 
forming a single recording medium on the recording 5 mg medium and apparatus to which the present invention is 
medium; and second timing adjustment means for changing y a 
the rising and falling edge timings of the head pulse. ^ 

3) An information recording method which includes at DESCRIPTION OF THE EMBODIMENTS 
least one of methods 1 and 2 and uses a recording medium 

capable of forming a first state zone with a first power level 1Q Explanation will be first be made as to reference numerals 

of an energy beam and a second state zone with a second usec * herein. 

power level of the energy beam higher than the first power Reference numeral 100 denotes a recording medium, 108 

level, wherein the energy beam and the recording medium a casing, 110 a motor, 111 a rotary shaft, 112 a chucking 

are relatively moved to irradiate the energy beam on the mechanism, 115 a rail, 116 a rail guide, 117 a case, 118 a 

recording medium and to form the first and second state 15 rotating motor, 119 a linear gear, 120 a rotary gear, 121 a 

zones with predetermined lengths and with a predetermined magnet, 122 a coil, 123 a suspension, 130 an objective lens, 

spacing therebetween on the recording medium to record 131 semiconductor laser, 132 a colli mating lens, 133 a beam 

information on the recording medium, a third power level splitter, 134 a detection lens, 135 a photodetector, 140 a 

lower than the second power level is provided, and at the detector, 141 a detection switch, 150 a system controller, 

time of forming the second state zone having a specific 2Q 151 a servo controller, 152 a amplifier, 153 a decoder, 153 

length on the recording medium, a duration of the third a decoder, 154 a signal processing circuit, 155 a timing 

power level is included as mixed in a duration of the second controller or delay circuit, 156 a current sink, 157 a constant 

power level to convert the energy beam to a multi-pulsed or fixed current controller, 158 a output connector, 159 an 

train and to irradiate the energy beam on the recording input connector, 160 a terminal, 161 a signal processing 

medium, the method 1 substantially fixes a falling edge 25 circuit. 

position of a head pulse in the multi-pulsed train and moves The present invention will next be explained in accor- 

a rising edge position thereof at the time of forming the dance with embodiments which follow, 

second state zone having a specific length, the method 2 Shown in FIG. 1 are variations with time in the power 

substantially fixes a rising edge position of a tail pulse of the i eV el 0 f an energy beam irradiated on a recording medium at 

multi-pulsed train and moves a falling edge position thereof 3Q the time of recording information on the recording medium, 

at the time of forming the second state zone having the i n t his embodiment, how to change the power level at the 

specific length, a fourth power level equal to or lower than time G f recording information with time is referred to 

the first power level is provided, the power level of the generally as write or recording strategy. FIG. 1 shows a 

energy beam following the tail pulse of the multi-pulsed recording strategy including an information recording 

train is kept at the fourth power level for a predetermined 35 method of the present invention. The present embodiment 

time and then kept at the first power level, and a time during w in be explained in connection with a DVD-RAM as a 

which the fourth power level is kept is always constant specific example. In the case of the DVD-RAM, assuming 

regardless of the falling edge position of the tail pulse. that a reference clock in recording and reproduction modes 

Since the above recording methods set forth in the above has a time width 1w, then the shortest mark and/or space has 

1) and 2), information recording apparatus and correspond- 40 a length of 31w (time length of 3 times as long as the time 

ing information recording media are employed, the timing Tw), and the longest mark and/or space has usually a length 

adjustment means always suitable for the information of llTw and in a special case, of 14Tw. 

recording medium can be selected and information can be when an mz[ signa i as information is given to be 

recorded therein always stably. recorded on the recording medium in a time series manner, 

Since the above recording method of the above 3) is used, 45 a suitable signal processing circuit converts the NRZI signal 

the time during which the constant fourth power level is to a time series variation in the power level of an energy 

maintained can be always realized for the information beam, which variation is shown in FIG. 1 as an light pulse 

recording medium regardless of the timing adjustment. waveform. The power level is set to have 4 levels of write 

Therefore, since thermal conditions always optimum for the level, bias level 1, bias level 2 and bias level 3. At the bias 

information recording medium can be maintained, informa- 50 level 1, the state of the recording medium having the energy 

tion can be recorded in the medium always stably. beam applied thereat can be place in a first state; while at the 

Explanation will be made as to methods, apparatuses and write level, the recording medium can be placed in a second 

recording media for recording information always stably in state. The bias level 3 is set to be equal to or lower than the 

connection with embodiments which follow. bias level 1. When it is desired to form a second state area 

BRIEF DESCRIPTION OF THE DRAWINGS 55 or 20 ne m ^he recording medium and the second state area 

has a length of 4Tw or more (that is, the NRZI signal has a 

FIG. 1 shows how to record information in a recording length of 4Tw or more ^ a duration having the power level 

strategy to which the present invention is applied; of lhe 5ias Jevel 3 ^ m ixedly placed in the irradiation period 

FIGS. 2A and 2B show experimental results in a case 2 in 0 f the write level to change the energy beam in a multi- 
file recording strategy to which the present invention is 60 pu ised form. In the multi-pulsed energy beam, the first and 
applied; j as t light pulses are referred to as the head or first and tail or 

FIGS. 3Aand 3B show experimental results in a case 2 in last pulses respectively. Between the head and tail pulses, 

the recording strategy to which the present invention is light pulses are repeated between the write level and bias 

applied; level 3. The repetition frequency, when the NRZI signal has 

FIGS. 4Aand 4B show experimental results in a case 1 in 65 a length of n (n>3), becomes (n-4). The entire repetitive 

the recording strategy to which the present invention is pulses between the head and tail pulses will be generally 

applied; called a comb-shaped pulse. Accordingly, when it is desired 
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to form a second state area for the NRZI signal having a 
length of 5Tw or more, the recording pulse is made up of the 
head, comb-shaped and tail pulses. When it is desired to 
form a second state area for the NRZI signal having a length 
of 4Tw, the recording pulse is made up of the head and tail 
pulses. When it is desired to form a second state area for the 
NRZI signal having a length of 3Tw, the recording pulse is 
made up of a single pulse. 

A power level equal to or lower than the bias level 1 and 
equal to or higher than the bias level 3 is set and is referred 
to as the bias level 2. Following the tail pulse for 4Tw or 
more and following the write light pulse for 3Tw, the power 
level of the energy beam is held at the bias level 2 for a 
predetermined time. 

There is possibility that the bias level 2 is equal to either 
one of the bias levels 1 and 3. Or there is possibility that the 
write level and bias levels 2 and 3 are all exactly at the same 
power level. There is a case where reference values of the 
write level and bias levels 1, 2 and 3 are previously recorded 
at suitable locations on the recording medium as medium 
information. In this case the locations of the recording 
medium where the medium information relating to the 
recording strategy is recorded are referred to as information 
tracks for a control data zone. The reference values of the 
power levels are read out from the information tracks of the 
control data zone on the recording medium to determine 
each power level in a write mode. 

Consider in FIG, 1 a case where it is desired to form a 
second state area on the recording medium for the NRZI 
signal having a length of 4Tw or more and to define a 
recording waveform. A time elapsed by T EFF from a rising 
edge of the NRZI signal defines a falling edge of the head 
pulse in a write pulse train. Further, a rising edge of the head 
pulse is present at a time earlier by a time 1 FP from the 
falling edge of the head pulse. This naturally means that, if 
the elapsed time from the rising edge of the NRZI signal to 
the rising edge of the head pulse is defined as T SFP , the 
relationship between T EFPl T SFP and T FP becomes T EFP = 
T SFP +T FP . A rising edge of the tail pulse in the write pulse 
train is present at a time elapsed by a time T stP from a 
reference time earlier by a time 2Tw than a falling edge time 
of the NRZI signal. At a time elapsed by a time T EtP from 
the rising edge time of the tail pulse, there is present a falling 
edge of the tail pulse. This naturally means that, if the 
elapsed time from the reference time earlier by a time 2Tw 
than a falling edge of NRZI signal to the falling edge of the 
tail pulse is defined as T ELPi the relationship between T^p, 
T ELP and T LP becomes T^p^T^p+T^p. 

There may sometimes be present a comb-shaped pulse 
train between the head and tail pulses. Rising edges of pulses 
in the comb-shaped pulse train coincide with the position of 
the reference clock. At a time elapsed by the time T MF from 
the rising edge time of each pulse, the pulse falls. 

Consider a case where it is desired to form on the 
recording medium a second state area corresponding to the 
NRZI signal of 3Tw. Assuming that a time elapsed by a time 
T EFF from a rising edge of the NRZI signal is set as a 
reference time, then there exists a rising edge in a light pulse 
at a time earlier by the time T FP from the reference time. 
This naturally means that, if the elapsed time from the rising 
edge of the NRZI signal to the rising edge of the light pulse 
is defined as T SFP7 the relationship between T EFFy T SFP and 
T FP becomes T EFP =T SFF +T FPf Further, when a time earlier 
by a time 2Tw from the falling edge time of the NRZI signal 
is set as a reference time and a time elapsed by the time T^p 
from the reference time is set as a second reference time, the 
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light pulse falls at a time elapsed by a time T^p from the 
second reference time. This naturally means that, if the 
elapsed time from the reference time earlier by a time 2Tw 
from a falling edge of NRZI signal to a falling edge of the 
light pulse is defined 

Tezj*» the relationship between T^lp* 
T ELF and T LP becomes Telp^^slp+^lp- 

The last pulse of the NRZI signal of 4Tw or more or the 
write pulse of the NRZI signal of 3Tw is followed by a 
duration having a power level of the bias level 2 and having 
a time length of T LC . 

The reference values of the times T EFpy T SFfh T Fpt T ELP , 
Th.p> ^Lpy ^lc an d Ta//> defining the write pulse are read out 
from the information track of the control data zone, and 
these times are determined based on the read-out reference 
values. 

The times T EFF9 Typp, T F p, T EEpt T^p, T^p, T LC and T^p 
defining the write pulse are not always limited to having 
their constant values and sometimes may be required to be 
changed depending on combinations of the NRZI signals. In 
particular, in the case of DVD-RAM having a memory 
capacity of 4.7 GB per one side as an example, the NRZI 
signal of 3Tw as the shortest mark has a length of about 0.42 
microns that is shorter than a write spot diameter of 0.45 
microns. When such high density recording is carried out, 
thermal interference between adjacent marks becomes great, 
which, in some cases, makes it difficult to realize the 
recording always stably. To avoid this, it is considered to 
change the write waveform to a suitable form according to 
30 the combinations of the NRZI signals. In order to correct a 
shift in the leading edge, any of the times T EFF and T FP is 
changed. Changes in these times from the reference values 
thereof are referred to as &T EFP and AT FF respectively. 
If T EFP is changed by AT £ pp and T FP is not changed, T 5FP 
35 changes by AT^pp. If T FP is changed by AT FF and T^pp is 
not changed, T SFF changes by -ATpp. These changes natu- 
rally come from the relationship of ^efp^sfp^fp- 

The changes can be described by the followings with 
completely the same meaning. In case T EFP is changed 
40 without changing T F p, T SFP is changed by AT 5F p without 
changing T FF . Then T £F p is automatically changed by 
ATjpp. In case T FP is changed without changing T EFpt T 5FP 
is changed by &T SFP without changing T EFP . Then Tpp is 
automatically changed by -ATypp. 
45 The meaning of the two descriptions to correct a shift in 
the leading edge is completely equivalent. To avoid 
redundancy, only the first description is used in this embodi- 
ment. The second description is always applicable to the part 
in this embodiment where the first description is employed. 

In order to correct a shift in the trailing edge, any of the 
times T SLP and T^p is changed. Changes in these times from 
the reference valut 
AT^p respectively. 

If Tj^p is change _ 

changes by AT^p. If T LP is changed by AT iP and T^p is not 
changed, T^p changes by AT iF . These changes naturally 
come from the relationship of ^ EL p^ slp^ lp- 

The changes can be described by the followings with 
completely the same meaning. In case T SLP is changed 
without changing T^p, T ELP is changed by AT £LF without 
changing T^p. Then T^p is automatically changed by 
AT^p. In case T^p is changed without changing T^p, T E ^ F 
is changed by AT £i p without changing T^p. Then T LP is 
automatically changed by AT £L p, 

The meaning of the two descriptions to correct a shift in 
the trailing edge is completely equivalent. To avoid 
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redundancy, only the first description is used in this embodi- 
ment. The second description is always applicable to the part 
in this embodiment where the first description is employed. 

A first lookup table of for the leading edge will be 
defined. The table is a list of values which are determined by 
combinations of a length M(n) of a mark being currently 
written and a length S(n-l) of a space precedent to the mark 
and which can be positive or negative. Next a second lookup 
table of Tjul for the trailing edge will be defined. This table 
is a list of values which are determined by combinations of 
the length M(n) of a mark being currently written and a 
length S(n+1) of a space subsequent to the mark and which 
can be positive or negative. 

In a case 1, the value of T MF is made equal to the value 
of ATpp and the value of T ML is also made equal to the value 
of &T LP . In this case, the values of T FP and T LP vary 
depending on combinations of the NRZI signals. That is, in 
the head pulse, its rising edge position varies while its falling 
edge position is stationary. In the tail pulse, on the other 
hand, its rising edge position is stationary while its falling 
edge position varies. 

If the second description to correct a shift in the leading 
and the trailing edge is used, the description for case 1 is as 
follows. The value of T MF is made equal to the value of T SFP 
without changing the value of T EFP . The value of T ML is 
made equal to the value of T ELP without changing the value 
of 

Tslp- Th e meaning of this description is perfectly the 
same as the first one. 

In a case 2, the value of T MF is made equal to the value 
of &T EFP and the value of T^ is made equal to the value of 
AT iP . In this case, the values of T EFP and T LP vary depend- 
ing on combinations of the NRZI signals. That is, in the head 
pulse, its rising and falling edge positions vary at the same 
time. In the tail pulse, on the other hand, its rising edge 
position is stationary while its falling edge position varies. 

In a case 3, the value of T MF is made equal to the value 
of AT FF and also the value of T^ is made equal to the value 
of AT^p. In this case, the values of T FP and T^p vary 
depending on combinations of the NRZI signals. That is, in 
the head pulse, its rising edge position varies while its falling 
edge position is stationary. In the tail pulse, on the other 
hand, its rising and falling edge positions vary at the same 
time. 

In a case 4, the value of T MF is made equal to the value 
of AT EFP and also the value of T ML is made equal to the 
value of &T SLP . In this case, the values of T EFP and T^p 
vary depending on combinations of the NRZI signals. That 
is, in the head pulse, its rising and falling edge positions vary 
at the same time. In the tail pulse, on the other hand, its 
rising and falling edge positions vary at the same time. 

If the second description to correct a shift in the leading 
and trailing edges is used, the description for case 2 is as 
follows. The value of T MF is made equal to the value of T SFP 
without changing the value of T F p. The value of T^ is made 
equal to the value of T ELP without changing T LP . The 
meaning of this description is perfectly the same as the first 
one. 

In a case 5, the value of T MF is made equal to the value 
of ATpp. In this case, the value of Tpp varies depending on 
combinations of the NRZI signals. That is, in the head pulse, 
its rising edge position varies while its falling edge position 
is stationary. 

In a case 6, the value of T MF is made equal to the value 
of &T EFP . In this case, the value of T EFP varies depending 
on combinations of the NRZI signals. That is, in the head 
pulse, its rising and falling edge positions vary at the same 
time. 
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In a case 7, the value of T ML is made equal to the value 
of AT L p. In this case the value of T LP varies depending on 
combinations of the NRZI signals. That is, in the tail pulse, 
its rising edge position is stationary while its falling edge 

5 position varies. 

In a case 8, the value of T ML is made equal to the value 
of AT V/ P . In this case, the value of T^p varies depending on 
combinations of the NRZI signals. That is, in the tail pulse, 
its rising and falling edge positions vary at the same time. 

10 The values included in the first and second lookup tables 
and information on selection of any of the cases 1 to 8 are 
determined by reading information written in the informa- 
tion track of the control data zone on the recording medium. 
As has been explained above, since adaptive waveform 

15 changes based on the lookup tables are divided into the cases 
1 to 8 and any of the cases is selected, the method of the 
present invention can advantageously cope with recording 
media having various characteristics and can record infor- 
mation always stably with good compatibility. 

In the present embodiment, the first lookup table was 
defined to have 4x4 cases of 4 sorts of M(n)x4 sorts of 
S(n-l). The second lookup table was defined to have 4x4 
cases of 4 sorts of M(n)x4 sorts of S(n+1). However, the size 

25 of the lookup table is not limited to the 4x4 cases but may 
be set at any cases other than 1x1 to realize the effects of the 
present invention. Further, although each of the first and 
second lookup tables forms a two-dimensional table in the 
present embodiment, it may advantageously be a three- 

30 dimensional table based on a combination of three param- 
eters of S(n-l), M(n) and S(n+1) or may be multi- 
dimensional table. The simplicity and/or complexity of the 
table may be suitably determined by various factors includ- 
ing characteristics of a recording medium and a demanded 

35 recording accuracy. When a DVD-RAM having a memory 
capacity of 4.7 GB for one side is used as an example, its 
lookup table is desirably a two dimensional table having a 
size of about 3x3, 4x3, 3x4 or 4x4. 
Now explanation will be made as to mark edge control - 

40 lability in connection with the cases 1 and 4 as an example. 
Several experimental results are shown herein. In this 
connection, their experimental conditions are set so that a 
linear speed is about 8 m/sec., T is about 17 nsec., a 3T mark 
as the shortest mark has a physical length of about 0.4 cm 

45 or slightly more, a track pitch is about 0.6 jum, a peak power 
is 11 mW, the bias power 1 is 4.5 mW, the bias power 2 is 
3.5 mW and the bias power 3 is 1 mW. 

A single mark having a specific length is recorded always 
under the same conditions, which is referred to as the anchor 

50 mark. Following a space (corresponding to an area having 
no recorded mark between adjacent recording marks) sub- 
sequent to the anchor mark, a mark to be measured (which 
will be sometimes referred to as the measurement mark) is 
recorded, A recording pulse for the measurement mark is 

55 controlled according to the above case 1 or 4. A reproduction 
signal obtained by reproducing the anchor mark and mea- 
surement mark is digitized into predetermined slice levels to 
obtain a binary data signal. The binary data signal is used to 
measure a time interval (leading edge interval) from the 

60 leading edge of the anchor mark to the leading edge of the 
measurement mark. Further, the binary data signal is used to 
measure a time interval (trailing edge interval) from the 
trailing edge of the anchor mark to the trailing edge of the 
measurement mark. 

65 Shown in FIG. 2A are variations in the leading edge 
interval and shown in FIG. 2B are variation in the trailing 
edge interval when the tail pulse position is stationary while 
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the head pulse position varies in the case 4. In the drawings, 
their plus directions of axes are time advancing directions. 
In the drawings, the lengths of the measurement mark are 
used as parameters. In FIG. 2A, the head pulse position and 
mark leading edge position are in a nearly linearly propor- 
tional relationship. In FIG. 2B, on the other hand, as the head 
pulse position moves, the trailing edge correspondingly 
moves. A movement of the trailing edge amounts even to 
about 50% of a movement of the head pulse position. 

Shown in FIG. 3 A are variations in the trailing edge 
interval and shown in FIG. 3A are variation in the leading 
edge interval when the head pulse position is stationary 
while the tail pulse position varies in the case 4. In the 
drawings, their plus directions of axes are time advancing 
directions. In the drawings, the lengths of the measurement 
mark are used as parameters. In FIG. 3A, the tail pulse 
position and mark trailing edge position are in a nearly 
linearly proportional relationship. In FIG. 3B, on the other 
hand, as the tail pulse position moves, the leading edge 
correspondingly moves. A movement of the leading edge 
amounts even to about 50% of a movement of the tail pulse 
position. 

Shown in FIG. 4 A are variations in the leading edge 
interval and shown in FIG. 4B are variations in the trailing 
edge interval when the tail pulse rising and falling positions 
are stationary while the head pulse rising position varies in 
the case 1. In the drawings, their plus directions of axes are 
time advancing directions. In the drawings, the lengths of 
the measurement mark are used as parameters. In FIG. 4 A, 
the head pulse rising edge position and mark leading edge 
position are in a nearly linearly proportional relationship. In 
FIG. 4B, on the other hand, even when the leading edge 
position of the head pulse moves, this causes substantially 
no remarkable movement of the mark trailing edge position 
at least in a range where the leading edge position of the 
head pulse less varies. 

Shown in FIG. 5A are variations in the trailing edge 
interval and shown in FIG. 5B are variations in the leading 
edge interval when the rising and falling edge positions of 
the head pulse are stationary while the falling edge position 
of the tail pulse varies in the case 1. In the drawings, their 
plus directions of axes are time advancing directions. In the 
drawings, the lengths of the measurement mark are used as 
parameters. In FIG. 5 A, the tail pulse falling edge position 
and mark trailing edge position are in a nearly linearly 
proportional relationship. In FIG. 5B, on the other hand, 
even when the trailing edge position of the tail pulse moves, 
this causes substantially no remarkable movement of the 
mark leading edge position at least in a range where the 
trailing edge position of the tail pulse less varies. 

When comparison is carried out between the case 4 of 
FIGS. 2A, 2B and 3A, 3B and the case 1 of FIGS. 4A, 4B 
and 5 A, 5B, it will be noted from the experimental results 
shown herein that the case 1 is more preferable with respect 
to the recording medium and recording strategy used in the 
experiments. This is because, in the case 1, the leading edge 
position of the record mark can be controlled independently 
only by the rising edge position of the head pulse in the 
recording pulse, and the trailing edge position of the record- 
ing medium can be controlled independently only by the 
falling edge position of the tail pulse in the recording pulse. 
The case 4 is more deteriorated in the control independency 
and more difficult in the control than the case 1. 

Although the case 1 is more preferable than the case 4 
with respect to the recording medium and recording strategy 
used in the experiments, there is a case where the case 4 is 
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more preferable than the case 1 depending on the design of 
the recording medium. More specifically, in the case 1, the 
energy per se possessed by the head or tail pulse is increased 
or decreased, so that, when the energy of the head or tail 

5 pulse is excessively increased, this results in deterioration of 
overwrite or cross-erase characteristics. In the case 4, on the 
other hand, since the energy possessed by the entire record- 
ing pulse train varies only slightly, there is no likelihood of 
deterioration of such overwrite or cross-erase characteris- 

10 tics. It goes without saying that, when sufficient margins are 
given to overwrite or cross-erase characteristics in the 
design of the recording medium, there can be designed a 
recording medium without any possibility of deterioration of 
the overwrite or cross-erase characteristics even in the case 

15 1. 

Explanation will then be made as to another embodiment 
of the present invention with reference to FIG. 6 showing an 
information storage apparatus in the form of a block dia- 
gram. For the convenience of explanation, a recording 

20 medium 100 is illustrated as mounted in the information 
storage apparatus. For the purpose of storing information, 
the recording medium 100 is indispensable, but it may be 
dismounted from the information storage apparatus or be 
mounted thereinto as necessary. 

25 In FIG. 6, a chucking mechanism 112 is mounted to a 
rotary shaft 111 of a motor 110 attached to a casing 108 so 
that the chucking mechanism 112 holds a recording medium 
100. The chucking mechanism 112 acts to hold the recording 
medium 100. The motor 110, rotary shaft 111 and chucking 

30 mechanism 112 form a mechanism for relatively moving the 
recording medium 100 and an energy beam. 

Mounted to the casing 108 is a rail 115. A rail guide 116 
guided by the rail 115 is mounted to a case 117. Also 

35 mounted to the case 117 is a linear gear 119, to which a 
rotary gear 120 is mounted. Transmission of rotation of the 
rotating motor 118 mounted on the casing 108 to the rotary 
gear 120 causes linear movement of the case 117 along the 
rail 115. The linear movement is directed toward nearly the 

40 radial direction of the recording medium 100. 

Mounted to the case 117 is a magnet 121. Also mounted 
to the case 117 is an objective lens 130 through a suspension 
123 which can be moved only in two directions, that is, in 
a direction of nearly a normal of the recording surface of the 

45 recording medium 100 and in a nearly radial direction of the 
recording medium 100. Mounted onto the objective lens 130 
is a coil 122 as nearly opposed to a magnet 121. When a 
current flows through the coil 122, its magnetic effect causes 
the objective lens 130 to be able to move in two directions 

50 of the direction of nearly a normal of the recording surface 
of the recording medium 100 and the nearly radial direction 
of the recording medium 100. The rail 115, rail guide 116, 
case 117, magnet 121, suspension 123, coil 122 and objec- 
tive lens 130 form a mechanism which positions the energy 

55 beam at a predetermined position on the recording medium 
100. 

Mounted to the case 117 is a semiconductor laser 131 as 
an energy beam generator. The energy beam emitted from 
the semiconductor laser 131 passes through a collimating 

60 lens 132 and a beam splitter 133 and then through the 
objective lens 130. Part of the light emitted from the 
objective lens 130 is reflected by the recording medium 100, 
passed through the objective lens 130, reflected by the beam 
splitter 133, condensed by a detection lens 134, and then an 

65 intensity of the reflected light is then detected by a photo- 
detector 135. More in detail, the photodetector 135 has a 
plurality of divided light receiving areas. Intensities of light 
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detected on the respective areas are amplified and calculated 
by an amplifier 152 to detect information (servo signal) 
indicative of a relative positional relationship between a 
light spot focused by the objective lens 130 and the record- 
ing medium 100 as well as an information read signal The 
servo signal is sent from the amplifier to a servo controller 
151, whereas the read signal is sent from the amplifier to a 
decoder 153. 

When the recording medium 100 is loaded into the 
information storage apparatus and the chucking mechanism 
112 fixedly holds the recording medium 100, a detector 140 
detects the presence of the medium and sends a signal 
indicative of the medium presence to a system controller 
150. The system controller 150, when receiving the signal, 
controls the motor 110 in such a manner that the recording 
medium 100 is rotated at a suitable rotational speed. The 
system controller 150 also controls a rotating motor 118 in 
such a manner that the case 117 is located at a suitable 
position. The system controller 150 also causes the semi- 
conductor laser 131 to controllably emit light, an also causes 
a servo controller 151 to be operated so that the rotating 
motor 118 is driven or a current flows through the coil 123 
to position the light spot focused by the objective lens 130 
at a predetermined position on the recording medium 100. 
The servo controller 151 then sends a signal indicative of the 
focused spot formed on the recording medium 100 to the 
system controller 150. The system controller 150, when 
receiving the signal, sends an instruction to a decoder 153 to 
decode the read signal therein. When a read track is not an 
information track in the control data zone, the system 
controller 150 sends an instruction to the servo controller 
151 such that the focused spot is positioned at an informa- 
tion track in the control data zone. As a result of the above 
operation, the system controller 150 reads the information 
track of the control data zone and reads out medium infor- 
mation recorded therein. 

Written in the information track of the control data zone 
are such recording strategy parameters as already explained 
in connection with FIG. 1. That is, the system controller 150 
reads out from the recording medium 100 information on the 
recording power level, time relations between recording 
pulses, lookup table, and the adaptive control set to any of 
the cases 1 to 8. The system controller 150 writes these 
recording strategy parameters in a parameter table of a 
signal processing circuit 154, a parameter table of a timing 
controller or delay circuit 155, and a current sink parameter 
of current sinks 156. The operations of the cases 1 to 8 
explained in FIG. 1 can be realized by changing the writing 
method into the table of the delay circuit 155 depending on 
the selection of the cases 1 to 8 or by switching switches of 
a delay circuit 155. Incorporated in the delay circuit 155 are 
first to fourth timing adjusting means. Also incorporated in 
the delay circuit 155 is a first change-over mechanism for 
switching between the first and second timing adjusting 
means. Further incorporated in the delay circuit 155 is a 
second change-over mechanism for switching between the 
third and fourth timing adjusting means. 

The timing of the system controller 150 of reading the 
recording strategy parameters from the recording medium 
100 and writing these parameters in the parameter table of 
the signal processing circuit 154, the parameter table of the 
delay circuit 155 and the current sink parameter of the 
current sinks 156 may be set only when the recording 
medium 100 is put in its writable state. For example, when 
the recording medium 100 is placed in its write protect state, 
as when a write protect switch provided on a case of the 
recording medium 100 is set at its write protect position or 
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as when an upper-level controller of the information storage 
apparatus issues a write protect command; a series of 
operations such as the reading of the recording strategy 
parameters can be omitted. For the purpose of detecting a 

5 write protect switch, the detection switch 141 is mounted to 
the casing 108 and sends its detected signal to the system 
controller. In the recording protection mode, a preparation 
time taken after the loading of the recording medium 100 in 
the chucking mechanism 112 until the medium reaches its 

10 reproducible state can be shortened by stopping the reading 
of the recording strategy parameters. 

When receiving an information reproduction command 
from the upper-level controller through the input connector 
159, the system controller 150 issues a command to the 

35 servo controller 151 to position the focused spot at a suitable 
position on the recording medium 100, a signal obtained 
from the photodetector 135 is decoded by the decoder 153 
to obtain read information, and then the read information is 
sent from the decoder 153 through an output connector 158 

20 to the upper-level controller. 

When receiving an information write command and write 
information (to be written) from the upper-level controller 
via an input connector 159, the system controller 150 issues 
a command to the servo controller 151 to position the 

25 focused spot at a suitable position on the recording medium 
100. Further, the write information is converted by the signal 
processing circuit 161 to an NRZI signal. The converted 
NRZI signal is converted by the signal processing circuit 
154 to a suitable train of a plurality of pulses. The pulse train 

30 is passed through the delay circuit 155 and transmitted to the 
current sinks 156. In the illustrated example, the signal 
processing circuit 154 and signal processing circuit 161 
form a signal processing circuit which converts the write 
signal to the recording pulse trains. 

A fixed current controller 157 is connected to the semi- 
conductor laser 131 so that a total of currents consumed by 
the semiconductor laser 131 and current sinks 156 has 
always a constant value. The plurality of current sinks 156 

40 are connected to the fixed current controller 157. Whether or 
not the current sinks 156 are operated to absorb the current 
depends on the signal generated by the signal processing 
circuit 154 and passed through the delay circuit 155. When 
the current sinks 156 are operated, a part of the current 

45 issued from the fixed current controller 157 is absorbed by 
the current sinks 156, resulting in reduction of a current 
flowing into the semiconductor laser 131. This causes the 
energy level of the energy beam emitted from the semicon- 
ductor laser 131 to be varied. The signal processing circuit 

5Q 154 and delay circuit 155 realize such a recording strategy 
as shown in FIG. 1 when the plurality of current sinks 156 
are operated with suitable timing. 

For the above operation, power is externally supplied to 
the information storage apparatus via a terminal 160. 

55 As has been explained in the foregoing, recording is 
carried out as modified according to the cases 1 to 8, so that, 
even when such high-density recording is carried out as the 
shortest mark length is the recording spot radius or less, the 
information recording can advantageously be carried out 

60 independently of the characteristics of the recording medium 
and with good compatibility and good stability. Further, 
since the present invention uses such a recording medium as 
to be able to record information about selection of any of the 
cases 1 to 8 in the information track of the control data zone 

65 on the recording medium, there is provided a recording 
medium which can record information with a high density 
independently of fluctuations in recording characteristics of 
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the information storage apparatus always with good stability 
and compatibility. 

Further, since the information about selection of any of 
the cases 1 to 8 is read out from the recording medium 100 
and is used to reflect it on the state of the information storage 
apparatus, there are provided a recording method and an 
information storage apparatus which can record information 
always with good stability, and compatibility and with a high 
density. 

In accordance with the foregoing embodiments, even 
when such high-density recording is carried out as the 
shortest recording mark length is the recording spot radium 
or less, information can be recorded on a recording medium 
independently of characteristics of the recording medium or 
on characteristics of the information storage apparatus, 
always with good compatibility and stability. 

What is claimed is: 

1. An information recording method having first and 
second recording methods for recording first and second 
information on a recording medium using any one or both of 
said recording methods wherein in said first recording 
method, said recording medium can be formed to have a first 
state zone with a first power level of an energy beam and to 
have a second state zone with a second power level of the 
energy beam higher than said first power level, information 
recording on the recording medium is carried out by rela- 
tively moving said energy beam and said recording medium 
to irradiate said energy beam on said recording medium and 
to form said first and second state zones with predetermined 
lengths and with a predetermined spacing therebetween on 
said recording medium, a third power level lower than said 
second power level is provided, and at the time of forming 
said second state zone having a specific length on said 
recording medium, a duration of said third power level is 
included as mixed in a duration of said second power level 
to convert said energy beam to a multi -pulsed train, said 
energy beam of the multi-pulsed train is irradiated on said 
recording medium, and wherein, in said recording method, 
change-over is carried out as necessary between a first 
timing adjustment method for changing an energy level 
rising edge timing of a head pulse in said multi-pulsed 
energy beam train according to combinations of pieces of 
information to be recorded and for substantially fixing an 
energy level falling edge timing of said head pulse and a 
second timing adjustment method for changing an energy 
level rising edge timing of the head pulse in said multi- 
pulsed energy beam train according to combinations of 
pieces of information to be recorded and for changing the 
energy level falling edge timing of said head pulse according 
to the combinations of pieces of information to be recorded, 
to thereby irradiate said energy beam on said recording 
medium for recording, and wherein, said second recording 
method, change-over is carried out as necessary between a 
third timing adjustment method for changing an energy level 
falling edge timing of a tail pulse in said multi-pulsed energy 
beam train according to the combinations of pieces of 
information to be recorded and for substantially fixing an 
energy level rising edge timing of said tail pulse and a fourth 
timing adjustment method for changing the energy level 
falling edge timing of the tail pulse in said multi-pulsed 
energy beam train according to the combinations of pieces 
of information to be recorded and for changing the energy 
level rising edge timing of said tail pulse according to the 
combinations of pieces of information to be recorded, to 
thereby irradiate said energy beam on said recording 
medium for recording. 

2, An information recording method as set forth in claim 
1, wherein said third power level is equal to or lower than 
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said second power level, a fourth power level equal to or 
lower than said second power level is provided, said fourth 
power level is equal to or higher than said third power level, 
said energy beam having said fourth power level following 
5 said tail pulse of said multi-pulsed train is irradiated onto 
said recording medium. 

3. An information recording method as set forth in claim 
2, wherein a time during which said fourth power level is 
maintained is kept always substantially constant regardless 

10 of a timing adjustment of said tail pulse of said energy beam 
pulse train and timing adjustment means. 

4. A recording medium wherein said recording medium 
can be formed to have a first state zone with a first power 
level of an energy beam and to have a second state zone with 

is a second power level of the energy beam higher than said 
first power level, a first timing adjustment method is used for 
changing an energy level rising edge timing of a head pulse 
in said multi-pulsed energy beam train according to combi- 
nations of pieces of information to be recorded and for 

20 substantially fixing an energy level falling edge timing of 
said head pulse, a second timing adjustment method is used 
for changing an energy level rising edge timing of the head 
pulse in said multi-pulsed energy beam train according to 
combinations of pieces of information to be recorded and for 

25 changing the energy level falling edge timing of said head 
pulse according to the combinations of pieces of information 
to be recorded, a third timing adjustment method is used for 
changing an energy level falling edge timing of a tail pulse 
in said multi-pulsed energy beam train according to the 

30 combinations of pieces of information to be recorded and for 
substantially fixing an energy level rising edge timing of said 
tail pulse, a fourth timing adjustment method is used for 
changing the energy level falling edge timing of the tail 
pulse in said multi-pulsed energy beam train according to the 

35 combinations of pieces of information to be recorded and for 
changing the energy level rising edge timing of said tail 
pulse according to the combinations of pieces of information 
to be recorded, first information indicates which of said first 
and second timing adjustment methods is to be selected, 

40 second information indicates which of said third and fourth 
timing adjustment methods is to be selected, said recording 
medium has a zone or zones in which any one or both of said 
first and second information are recorded therein as medium 
information, or any one or both of said first and second 

45 information can be written in said recording medium as the 
medium information, 

5. An information recording apparatus comprising: 
an energy beam generator; 

a power adjustment mechanism for setting a power level 
50 of an energy beam generated by said energy beam 
generator at a first power level and at a second power 
level higher than said first power level; 
a holder mechanism for holding a recording medium 
55 having a first state zone settable with said first power 
level and a second state zone sellable with said second 
power level; 

a movement mechanism for relatively moving said energy 

beam and said recording medium; 
60 a positioning mechanism for positioning said energy 

beam at a predetermined location on said recording 

medium for irradiation; 
a signal processing circuit for changing information to be 

recorded to the power level of said energy beam, said 
65 power adjustment mechanism having a function of 

setting the power level of said energy beam at a third 

power level lower than said second power level and at 
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the time of forming said second state zone having a 
specific length on said recording medium, of mixedly 
including a duration of said third power level in a 
duration of said second power level to convert said 
energy beam to a multipulsed train; 
first timing adjustment means for changing an energy 
level rising edge timing of a head pulse in said multi- 
pulsed energy beam train according to combinations of 
pieces of information to be recorded and for substan- 
tially fixing an energy level falling edge timing of said 
head pulse; 

second timing adjustment means for changing an energy 
level rising edge timing of the head pulse in said 
multi-pulsed energy beam train according to combina- 
tions of pieces of information to be recorded and for 
changing the energy level falling edge timing of said 
head pulse according to the combinations of pieces of 
information to be recorded; 

third timing adjustment means for changing an energy 
level falling edge timing of a tail pulse in said multi- 
pulsed energy beam train according to the combina- 
tions of pieces of information to be recorded and for 
substantially fixing an energy level rising edge timing 
of said tail pulse; 

fourth timing adjustment means for changing the energy 
level falling edge timing of the tail pulse in said 
multi-pulsed energy beam train according to the com- 
binations of pieces of information to be recorded and 
for changing the energy level rising edge timing of said 
tail pulse according to the combinations of pieces of 
information to be recorded; 

first change-over means for performing switching 
between said first and second timing adjustment means 
as necessary; and 

second change-over means for performing switching 
between said third and fourth timing adjustment means 
as necessary. 

6. An information recording apparatus as set forth in claim 

5, wherein any one or both of said first and second change- 40 
over mechanisms are operated according to a result of said 
medium information read out from said recording medium. 

7. An information recording apparatus as set forth in claim 

6, wherein said third power level is equal to or lower than 
said second power level, a fourth power level equal to or 45 
lower than said second power level is provided, said fourth 
power level is equal to or higher than said third power level, 
said energy beam having said fourth power level following 
said tail pulse of said multi-pulsed train is irradiated onto 
said recording medium. 

8. An information recording apparatus as set forth in claim 

7, wherein a time during which said fourth power level is 
maintained is kept always substantially constant regardless 
of a timing adjustment of said tail pulse of said energy beam 
pulse train and timing adjustment means. 

9. An information recording method including at least one 
of methods 1 and 2 and using a recording medium capable 
of forming a first state zone with a first power level of an 
energy beam and a second state zone with a second power 
level of the energy beam higher than said first power level, 
wherein said energy beam and said recording medium are 
relatively moved to irradiate said energy beam on said 
recording medium and to form said first and second state 
zones with predetermined lengths and with a predetermined 
spacing therebetween on said recording medium to record 
information on said recording medium, a third power level 
lower than said second power level is provided, and at the 
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time of forming said second state zone having a specific 
length on said recording medium, a duration of said third 
power level is included as mixed in a duration of said second 
power level to convert said energy beam to a multi-pulsed 
train and to irradiate said energy beam on said recording 
medium, said method 1 substantially fixes a falling edge 
position of a head pulse in said multi-pulsed train and moves 
a rising edge position thereof at the time of forming said 
second state zone having a specific length, said method 2 
substantially fixes a rising edge position of a tail pulse of 
said multi-pulsed train and moves a falling edge position 
thereof at the time of forming said second state zone having 
the specific length, a fourth power level equal to or lower 
than said first power level is provided, the power level of the 
energy beam following the tail pulse of said multi-pulsed 
train is kept at said fourth power level for a predetermined 
time and then kept at said first power level, and a time during 
which said fourth power level is kept is always constant 
regardless of the falling edge position of said tail pulse. 

10. An information recording method as set forth in claim 
9, wherein the rising edge position of said head pulse is 
adjusted according to both of the length of said second state 
zone being now formed by said multi-pulse train and the 
length of said first state zone adjacent to said second state 
zone and formed just before said second slate zone. 

11. An information recording method as set forth in claim 
9, wherein the falling edge position of said tail pulse is 
adjusted according to both of the length of said second state 
zone being now formed by said multi-pulse train and the 
length of said first state zone adjacent to said second state 
zone and formed just after said second state zone. 

12. An information recording apparatus comprising: 
an energy beam generator; 

a power adjustment mechanism for setting a power level 
of an energy beam generated by said energy beam 
generator at a first power level and at a second power 
level higher than said first power level; 

a holder mechanism for holding a recording medium 
having a first state zone settable with said first power 
level and a second state zone settable with said second 
power level; 

a movement mechanism for relatively moving said energy 
beam and said recording medium; 

a positioning mechanism for positioning said energy 
beam at a predetermined location on said recording 
medium for irradiation; 

a signal processing circuit for changing information to be 
recorded to the power level of said energy beam, said 
power adjustment mechanism having a function of 
setting the power level of said energy beam at a third 
power level lower than said second power level and at 
the time of forming said second state zone having a 
specific length on said recording medium, of mixedly 
including a duration of said third power level in a 
duration of said second power level to convert said 
energy beam to a multi-pulsed train; 

first timing adjustment means for changing an energy 
level rising edge timing of a head pulse in said multi- 
pulsed energy beam train according to combinations of 
pieces of information to be recorded and for substan- 
tially fixing an energy level falling edge timing of said 
head pulse; 

second timing adjustment means for changing an energy 
level rising edge timing of the head pulse in said 
multi-pulsed energy beam train according to combina- 
tions of pieces of information to be recorded and for 



11/28/2003, EAST version: 1.4.1 



6,160/ 

17 

changing the energy level falling edge timing of said 
head pulse according to the combinations of pieces of 
information to be recorded; and 
change-over means for performing switching between 
said first and second timing adjustment means as nec- 5 
essary. 

13. An information recording apparatus comprising: 
an energy beam generator; 

a power adjustment mechanism for setting a power level 
of an energy beam generated by said energy beam 
generator at a first power level and at a second power 
level higher than said first power level; 

a holder mechanism for holding a recording medium 
having a first state zone settable with said first power 35 
level and a second state zone settable with said second 
power level; 

a movement mechanism for relatively moving said energy 

beam and said recording medium; 
a positioning mechanism for positioning said energy 20 

beam at a predetermined location on said recording 

medium for irradiation; 
a signal processing circuit for changing information to be 

recorded to the power level of said energy beam, said 

power adjustment mechanism having a function of 
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setting the power level of said energy beam at a third 
power level lower than said second power level and at 
the time of forming said second state zone having a 
specific length on said recording medium, of mixedly 
including a duration of said third power level in a 
duration of said second power level to convert said 
energy beam to a multi-pulsed train; 
first timing adjustment means for changing an energy 
level falling edge timing of a tail pulse in said multi- 
pulsed energy beam train according to combinations of 
pieces of information to be recorded and for substan- 
tially fixing an energy level rising edge timing of said 
tail pulse; 

second timing adjustment means for changing an energy 
level falling edge timing of the tail pulse in said 
multi-pulsed energy beam train according to combina- 
tions of pieces of information to be recorded and for 
changing the energy level rising edge timing of said tail 
pulse according to the combinations of pieces of infor- 
mation to be recorded; and 

change-over means for performing switching between 
said first and second timing adjustment means as nec- 
essary. 

* * * * * 
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